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INTRODUCTION
Wilms tumors are by far the most common primary renal tu-
mors in pediatric patients. Other less common malignant pri-
mary renal tumors affecting pediatric patients include meso-
blastic nephromas, renal cell carcinomas (RCCs), rhabdoid tu-
mors, renal medullary carcinomas, and primary renal sarcomas 
that are rare (1, 2). Most sarcomas can be categorized into vari-
ous subtypes according to their ultrastructural morphologies 
and immunohistochemical staining profiles. However, some 
sarcomas cannot be classified into a specific subtype even with 
the most state-of-the-art techniques. These sarcomas are referred 
to as ‘undifferentiated sarcomas’ (3). Undifferentiated sarcomas 
rarely arise from the kidney. Little is known about the imaging 
findings of these tumors (4). Here we report ultrasonography 
(US) and computed tomography (CT) findings of a pathologi-
cally confirmed undifferentiated sarcoma arising from a kidney 
in a 12-year-old boy. To the best of our knowledge, this is the 
first detailed imaging findings of a primary renal undifferenti-
ated sarcoma from a patient in this age group.
CASE REPORT 
The Institutional Review Board at our hospital approved this 
case study and waived the requirement for informed consent. A 
12-year-old boy visited an outpatient clinic due to recurrent 
left-upper quadrant abdominal pain and vomiting that had per-
sisted for three months. He had no remarkable perinatal or oth-
er medical history except a single episode of uncomplicated uri-
nary tract infection in early childhood. On urine analysis, there 
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Undifferentiated sarcomas are rare tumors not classified into any sarcoma subtype. 
Due to their rarity, imaging findings of undifferentiated sarcomas are poorly charac-
terized. The purpose of this report was to present imaging findings of a pathological-
ly confirmed undifferentiated sarcoma originated from the left kidney of a 12-year-
old boy. The mass was infiltrative involving the renal pelvis. It mimicked massive hilar 
lymphadenopathy with a preserved renal contour visible by both ultrasonography 
and CT. Renal vein thrombosis was also observed. Although undifferentiated sarco-
mas are rare, they should be considered in differential diagnosis of infiltrative renal 
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was minimal hematuria and proteinuria without pyuria. Urine 
culture was also negative. To determine the cause of abdominal 
pain, he underwent abdominal US (Fig. 1) which revealed an 
approximately 5-cm, ill-defined, and heterogeneously hypoecho-
ic lesion occupying the lower pole of the patient’s left kidney 
with a preserved renal contour. The lesion did not appear to ex-
ert much mass effect due to its size, suggesting an infiltrative 
nature. Doppler US revealed minimal vascularity within the 
mass. Nodular masses at renal hilar area considered as retroperi-
toneal lymph nodes were also observed in the mid-abdomen. 
Due to the long duration of the symptom and negative results 
from culture, the lesion was considered as tumorous rather than 
lobar nephronia. An abdomino-pelvic CT scan was performed 
with contrast enhancement for further evaluation of the mass. 
CT images (Fig. 2A, B) revealed that the left kidney was en-
larged. An ill-defined, generally low-attenuating, and heteroge-
neously enhancing mass occupied the mid to lower pole of the 
left kidney. The renal contour was preserved, consistent with US 
findings. The mass appeared to invade the renal hilum. It was 
accompanied by thickening and dilatation of the renal pelvis 
and the proximal ureter. In addition, an obvious contrast filling 
defect within the left renal vein was visible. It seemed to be a 
continuation of the mass. This finding suggested malignant re-
nal vein thrombosis. Similar to US findings, multiple nodular 
Fig. 1. Ultrasonography of a 12-year-old boy presented with recurrent abdominal pain and vomiting.
A. Abdominal ultrasonography with longitudinal scan of the left kidney showing an ill-defined and heterogeneously hypoechoic mass (arrows) 
within the mid to lower pole of the kidney with a preserved renal contour. The mass seems to invade the renal hilum. It is accompanied by pelvic 
wall thickening (arrowhead).
B. Doppler interrogation of the left kidney revealing some vascularity within the mass with much less vascularity compared to the adjacent nor-
mal renal parenchyma.
C. Ultrasonography with transverse scan of the mid-abdomen just below the level of the left renal vein showing hypoechoic nodular lesions (as-
terisks) considered as enlarged lymph nodes in the left paraaortic area.
A B C
Fig. 2. Further imaging studies of a 12-year-old boy with left renal mass.
A. Abdomino-pelvic computed tomography (CT) of an axial image of the nephrographic phase at the level of the left renal hilum demonstrating 
an infiltrative renal mass involving the renal pelvis with low-attenuating lesions (arrows) within the expected course of the left renal vein, sug-
gestive of venous thrombosis.
B. An axial slice of CT slightly caudad to A showing an ill-defined and low attenuating lesion with heterogeneous enhancement replacing the left 
renal parenchyma with a preserved renal contour. A round low-attenuation lesion (arrow) between the aorta and the left renal tumor is also not-
ed. This lesion was thought to represent metastatic lymphadenopathy at the time of diagnosis. However, it was later confirmed to be a massive 
renal hilar and perirenal extension of the tumor.
C. Axial fusion positron emission tomography-CT scan taken on approximately the same level as B showing intense fluorodeoxyglucose uptake in 
both the left renal and perihilar masses.
A B C
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lesions suggesting enlarged lymph nodes were noted in the left 
paraaortic space from the level of the renal hilum to the mid-
abdomen. Several small nodules that were deemed to be meta-
static nodules were also visible in both lower lung fields of CT 
images. 
Positron emission tomography (PET) was performed using 
18F-fluorodeoxyglucose (FDG) (Fig. 2C). Intense FDG uptake 
was noted not only in the left renal mass, but also in the areas of 
renal vein thrombosis and hilar masses. No evidence of addi-
tional distant metastasis was observed other than small lung 
nodules detected in the abdomino-pelvic CT images. All these 
imaging findings from multiple modalities were highly sugges-
tive of a malignant renal tumor. Thus, a US-guided core-needle 
biopsy was performed. 
Pathological examination clearly revealed the malignant na-
ture of the mass. However, histologic type of the tumor could 
not be specified since all immunohistochemical panels were 
negative except integrase interactor 1. Therefore, laparoscopic 
radical left nephrectomy was performed for a definitive diagnosis 
of the renal mass. During the operation, a severe adhesion around 
the left kidney accompanied by hilar mass was observed, in ac-
cordance with preoperative imaging studies. 
Inspection of gross specimen revealed a diffuse and poorly-
bordered whitish mass located in the lower pole of the left kid-
ney. The mass involved the renal papilla. It was 45% necrotic. 
Light microscopy observations revealed that the mass was a 
morphologically undifferentiated mesenchymal tumor. It was 
predominantly composed of small round cells with patternless 
solid sheet-like growth (Fig. 3). Multiple tumor emboli within 
renal sinus veins were also observed by microscopy. One notable 
finding in the pathologic specimen was the formation of tumor 
nodules in the renal hilar area. These nodules were thought to 
represent metastatic lymph nodes in pre-operative CT and PET-
CT (Fig. 2). However, elaborate observation of the specimen 
revealed that the nodules were actually formed by direct exten-
sive invasion of the tumor mass beyond the renal sinus into the 
perirenal space. Multiple immunohistochemical stains were 
performed for the specimen. Most of these stains yielded nega-
tive results, thereby excluding the possibilities of rhabdomyo-
sarcoma, malignant rhabdoid tumor, and sarcomatoid RCC. 
Ewing sarcoma was also excluded because fluorescent in situ 
hybridization test for EWSR1 gene translocation was negative. 
Therefore, the final pathological diagnosis was an undifferenti-
ated sarcoma from the kidney with renal sinus infiltration and 
tumor thrombosis in the renal vein. The subtype of undifferen-
tiated sarcoma was primitive mesenchymal type. Perinephric 
fat invasion was also present. After the operation, the patient re-
ceived adjuvant chemotherapy and whole lung radiotherapy. On 
follow-up chest and abdomino-pelvic CT at 9-month after sur-
gery, there was no evidence of tumor recurrence at the nephrec-
tomy site. However, progression of lung metastasis was noted 
with increased number and size of nodules in both lungs.
DISCUSSION
Various types of malignant primary renal tumors have been 
documented in children. Imaging findings and clinical presenta-
tion can enable the distinction of the type of tumor (1, 5), but not 
always. Wilms tumors are typically presented as large heteroge-
neous renal masses with a propensity towards vascular invasion 
and the displacement of adjacent structures. They tend to occur 
in patients younger than 5 years of age (1). Occasional bilateral 
presentation (10%) is another well-known characteristic of 
Wilms tumors (1). In our case, a Wilms tumor was thought to 
be unlikely mainly due to the patient’s age. The ill-defined mar-
gin of the tumor coupled with the massive invasion of the renal 
sinus and pelvis observed by CT also supported the search for an 
alternative preoperative diagnosis because it is well known that 
Wilms tumors rarely occupy the renal pelvis or extend down 
Fig. 3. Microscopy demonstrating anaplastic round to polygonal tu-
mor cells (arrows) with vesicular nuclei and prominent nucleoli (hema-
toxylin and eosin, original magnification × 400). The tumor cells show 
abundant cytoplasm and high mitotic rate.
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the ureter (5).
Even though RCC is rare in childhood, it can occur in patients 
ranging from 10 to 20 years old (1). Usually, RCCs are smaller 
than Wilms tumors at presentation. They are more frequently 
presented bilaterally with calcification (25% vs. 9%) and bone 
metastasis (1). However, invasion of the renal vein or inferior 
vena cava in pediatric RCC is relatively uncommon (6). By pa-
tient age alone, juvenile RCC appeared to be a likely possibility 
in our case. While juvenile RCC generally distorts the normal 
renal architecture and forms pseudocapsules (1), the tumor in 
our case report was infiltrating and replacing the renal paren-
chyma rather than distorting it. 
Renal medullary carcinoma is a highly aggressive tumor that 
occurs in adolescents and young black adults who exhibit sickle 
cell traits or hemoglobin sickle cell disease (1). This tumor ap-
pears as a centrally located infiltrative lesion invading the renal 
sinus with peripheral caliectasis, reniform enlargement, and 
smaller peripheral satellite nodules (1). Mesoblastic nephromas 
and malignant rhabdoid tumors of the kidney occur in younger 
patients than Wilms tumors do (1). Renal lymphoma also can 
occur in children. It can show three patterns: multiple bilateral 
masses enhancing less than normal renal parenchyma, a focal 
mass, or a large retroperitoneal mass engulfing the kidney (7). 
Concomitant retroperitoneal lymph node enlargement is com-
mon. Our case showed a focal renal mass with retroperitoneal 
lymphadenopathy. Although renal lymphoma almost always 
has other sites of active disease (7), this was not the case in our 
patient. 
Primary renal sarcomas are rare. They occur in less than 1% 
of all malignant renal tumors (2). Clear cell sarcoma is the ma-
jor histologic type in children. It appears as a large, well-circum-
scribed, and solid mass with cystic changes (2). Malignant renal 
vein thrombosis is less frequent than Wilms tumors (less than 
5% vs. 15–20%) (5). However, clear cell sarcoma cannot be dif-
ferentiated from Wilms tumors by imaging findings alone (1). 
The imaging characteristics of other childhood renal sarcomas 
including rhabdomyosarcoma, Ewing sarcoma, and undifferen-
tiated sarcoma are less frequently discussed in medical litera-
tures compared to those of clear cell sarcoma.
An undifferentiated sarcoma of kidney is exceedingly rare in 
pediatric population. Most of these tumors originate from the 
extremities or trunk. A review of clinical data from 5746 patients 
under the age of 21 who were registered in the Intergroup Rhab-
domyosarcoma Study group with a diagnosis of rhabdomyosar-
coma or undifferentiated sarcoma revealed that only four un-
differentiated sarcomas originated from the kidney (8). Most 
previous reports of undifferentiated sarcomas have focused on 
their pathologic characteristics. We could find only two articles 
that described their imaging appearances. Somers et al. (9) re-
ported a case series of 13 patients with undifferentiated sarcoma, 
of whom 10 were evaluated by CT or magnetic resonance im-
aging (MRI). This study found that most of the tumors were 
solid. The majority of them did not seem to be encapsulated. 
Based on CT and MRI, necrosis, hemorrhage, and calcification 
were seen in 40%, 20%, and 20% of these tumors, respectively. 
Stein-Wexler (4) reviewed several cases of soft tissue sarcoma 
in children and reported that undifferentiated sarcomas showed 
little enhancement on CT images with attenuation similar to 
that of muscle. They were heterogeneously hyperintense on T2-
weighted MRI images (4). Their enhancement was confined to 
the periphery of the lesion (4). However, we were unable to find 
any report describing the imaging appearance of primary renal 
undifferentiated sarcomas. Our case demonstrated an infiltra-
tive nature accompanied by internal necrosis with little en-
hancement. Although no hemorrhage or calcification was pres-
ent, massive renal hilar infiltration mimicking lymphadenopathy, 
malignant venous thrombosis, and lung metastasis were ob-
served in the initial presentation. Therefore, these manifestations 
can be clues for the diagnosis of undifferentiated sarcoma. 
In conclusion, even though undifferentiated sarcoma is rare, 
it should still be considered in pediatric patients who exhibit in-
filtrative and heterogeneous renal mass with renal pelvis inva-
sion and renal vein thrombosis by imaging studies. 
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김용희1 · 김명준1 · 김세화2 · 이미정1*
미분화 육종은 육종의 특정 분류에 속하지 않는 드문 종양이다. 그리고 그 희귀성 때문에, 미분화 육종의 영상소견에 대
해서는 잘 알려진 바가 없다. 이 증례 보고의 목적은 12세 남아의 왼쪽 신장에서 발생하여 병리학적으로 확인된 미분화 육
종의 영상 소견을 보고하는 것이다. 종양은 초음파와 CT 검사에서 모두 침윤성이었으며, 신장의 신우를 침범하여 심한 신
문부 림프절증처럼 보였으나, 신장의 형태는 유지하고 있었고, 신정맥 혈전도 동반되어 있었다. 그러므로, 비록 미분화 육
종이 드물지만, 소아 환자에서 침윤성의 신장 종괴가 신우 침범을 보인다면 미분화 육종을 감별진단에 고려해야 할 것이다.
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